We report the case of a 31-year-old woman presenting with abdominal pain due to acute thrombosis of a superior and inferior mesenteric vein aneurysm, which was treated by a combination of arterial thrombolysis and transhepatic thrombus aspiration. At the last follow-up CT, 21 months following this procedure, there was no evidence of rethrombosis, and the patient continues to do well under oral anticoagulation. The literature regarding these uncommon mesenteric vein aneurysms without portal vein involvement, as well as their treatment options, is reviewed.
In the past, visceral venous aneurysms were considered an exceedingly rare pathology. Nowadays, they are more often diagnosed due to the widespread utilization of the different cross-sectional abdominal imaging modalities in the investigation of abdominal disorders. In 2002, Lau et al. reported 42 cases of extrahepatic portal vein aneurysms, seven of them published before 1980 [1] . Superior mesenteric vein aneurysms without portal involvement are even more infrequent. A review of the English literature revealed 10 published cases of a superior but none of an inferior mesenteric vein aneurysm (Table 1) [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Possible complications of portal venous system aneurysms include thrombosis, rupture or pressure effects on adjacent visceral organs [13] [14] [15] . Acute thrombosis can result in life-threatening portal hypertension with rupture of the aneurysm, gastrointestinal bleeding or bowel infarction [13, 16] . Depending on the extent of the thrombosis, different therapeutic options are possible: surgical or percutaneous thrombectomy [17, 18] , systemic anticoagulation [19] or local thrombolysis [20 -22] .
We describe a case of an acute superior and inferior mesenteric vein aneurysm thrombosis with successful revascularization by transarterial thrombolysis and transhepatic thrombus aspiration in a patient with multiple abdominal vein aneurysms of unknown origin.
Case Report
A 31-year-old woman with a 10-day history of increasing diffuse abdominal pain and associated nausea was diagnosed in another hospital to have a superior and inferior mesenteric venous aneurysm (35 mm and 23 mm diameter, respectively) thrombosis at computed tomography (CT). The portal vein was occluded up to its bifurcation, but of normal caliber (Fig. 1 ). In addition, aneurysmal dilatation of the inferior vena cava (55 mm), the hemiazygos vein (16 mm), the right ovarian (32 mm) and the right iliacal internal vein (25 mm) was noted. At CT imaging, there were no signs of bowel ischemia or ascites. Two years prior to this admission, the patient had suffered from an episode of multiple segmental and subsegmental postoperative pulmonary emboli after excision of a flank lipoma. The subsequent laboratory screening for possible causes of venous thrombosis was negative. The Caucasian patient had previously given birth to four healthy children without any problems. There was no family history of thrombosis.
At our institution indirect portography via the celiac and superior mesenteric artery showed occlusion of the superior and inferior mesenteric vein without any collateral venous drainage, indicating acute thrombosis. Transfemorally placed angiographic endhole catheters (Cobra, 4 Fr; Cordis, Miami Lakes, FL) were left in the superior mesenteric and splenic arteries for urokinase infusion (50,000 units/hr each, 7.2 million units total dose). Additionally intravenous heparinization with 20,000 units/24 hr was started. Fourty-eight hours later, repeated indirect portography showed no significant changes. Therefore, percutaneous transhepatic portal access was gained via the right midaxillary line (Neff-set, Cook, Bloomington, IL). A 9 Fr, 23-cm-long sheath was introduced. The soft clot was easily traversed by a guidewire. Direct portography demonstrated occlusion of the inferior and superior mesenteric vein ( Fig. 2A) , extending to the right branch of the main portal vein. However, the intrahepatic portal vein branches were patent. Mechanical thrombectomy was attempted first with a pigtail fragmentation catheter, originally designed to dissolve acute pulmonary emboli (SchmitzRode catheter; Cook, Bloomington, IL). As this maneuver was unsuccessful, the rotation catheter was exchanged for an angled 9 Fr guiding catheter (Cordis, Miami Lakes, FL) in order to aspirate the clot with a 60 ml syringe without a valve. Approximately 1 liter of fresh, red thrombotic material and blood was suctioned in about 15 passes. During this procedure several peripheral intrahepatic portal vein branches were occluded by flushed thrombotic material. Therefore, pharmacologic local thrombolysis was restarted via single catheters placed in the superior mesenteric vein (pigtail catheter, 5 Fr) and the superior mesenteric artery (50,000 units of urokinase per hour per catheter over 24 hr; total of 2.4 million units).
The following day, direct portography showed complete recanalization of the superior mesenteric vein aneurysm and the intrahepatic portal venous branches (Fig. 2B ). The portal venous pressure was normal (12 mmHg). The inferior mesenteric vein remained occluded. The patient's symptoms resolved completely. The procedure was terminated by embolization of the transhepatic access route with Gianturco coils (4 mm diameter, Cook, Bloomington, IL), followed by gelatin sponge plugs. Full heparin anticoagulation was resumed the same day.
The following day, documentary CT showed residual partial thrombosis of the distal splenic vein and a completely thrombosed aneurysmatic inferior mesenteric vein ( portal venous system. Six days later, the patient suffered a new episode of nonspecific abdominal pain. The abdominal CT showed a subcapsular liver hematoma in the previous transhepatic access site. Heparin was stopped. To rule out a treatable cause of the hematoma, a hepatic arteriogram and a splenoportography were performed. As neither showed any abnormalities and there was no laboratory or hemodynamic evidence of a persisting hemorrhage, heparin anticoagulation was resumed after 5 days. Three days later the patient once again experienced an episode of diffuse abdominal pain. This time abdominal CT revealed thrombosis of the previously patent but aneurysmatic right ovarian vein extending into the inferior caval vein. Activated prothrombin time was 91 sec. Overlapping oral anticoagulation with phenprocoumon was started with a high-intensity dosage (INR 3.0 or more), and the patient was discharged after 44 days of hospitalization with no other medication. No new thrombotic events have been noted since.
Follow-up CT at 5 and 21 months showed patency of the portal venous system but unchanged size of the aneurysms of the inferior caval (Fig. 3B,  C) , hemiazygos, right ilical internal and superior (Fig. 3A, B) and inferior mesenteric veins (Fig. 3) . Thus, the latter had recanalized spontaneously. The right ovarian vein was chronically thrombosed.
Hematologic investigation, which was repeated 1 year after the acute event, again did not reveal any abnormalities. Lifelong continuation of oral anticoagulation was recommended to the patient in view of the venous stasis in the aneurysmatic vessels as a persisting thromboembolic risk factor.
Discussion
Portal venous system aneurysms can be defined as a dilatation of more than 2 cm [23] . Congenital and acquired causes for these aneurysms have been discussed. An acquired origin is postulated in cases with portal hypertension or a history of necrotizing pancreatitis [10, 14] . Conversely, the in utero diagnosis of a portal vein aneurysm [24] as well as the prevalence of portal vein aneurysms in livers without any sign of portal hypertension [25] support a congenital origin. Failed prenatal regression of the right primitive vitelline vein or inherent weakness of the vein wall are proposed etiologies in these patients [14, 26] . In our patient we assumed a congenital origin in view of the normal portal venous pressure and history lacking necrotizing pancreatitis, abdominal trauma or surgery. As the venomegaly was affecting the systemic as well as the portal abdominal circulation, we postulate an inborn weakness of the venous vessel walls in our patient.
Including our case, a total of 11 cases of isolated aneurysms of the mesenteric vein (without portal vein involvement) have been reported in the English literature to date (Table 1) . Their maximal diameter ranged from 18 to 60 mm. Except for two patients, they were all women, aged between 37 and 60 years. Three of these aneurysms were asymptomatic and incidentally detected at abdominal imaging. Seven of the described aneurysms presented clinically with severe abdominal pain. Just one mesenteric vein aneurysm was associated with upper gastrointestinal hemorrhage due to esophageal varices, suggesting its association with long-standing portal hypertension. Acute thrombosis of a mesenteric vein aneurysm, as occurred in our patient, has been previously described in just one patient, who was treated by resection [7] . Considering the possible recanalization of the small capillaries and venules in addition to the main veins as well as the lesser degree of invasiveness, transarterial thrombolysis has been proposed as an alternative to surgical procedures for acute mesenterico-portal thrombosis [20, 27] . Obviously, evidence of bowel infarction may direct the patient toward surgical or interventional treatment. Furthermore, outcome comparison between a surgical and an interventional approach seems unfair as mortality of acute mesenterico-portal thrombosis is determined by the associated bowel necrosis [17] . In our case there was no clinical or radiological evidence of bowel infarction and, due to their multiplicity, surgical correction of the abdominal vein aneurysms was not feasible.
Likely due to the large clot burden in the aneurysmatic superior mesenteric vein and the portal vein, transarterial thrombolysis via the superior mesenteric and splenic artery was ineffective in our patient. Therefore, additional mechanical declotting was performed. Usually, percutaneous access to the portal system is gained via either a transjugular or a direct transhepatic approach [18, 28] . Transjugular portal access is advantageous, in particular, if there is associated intrahepatic portal hypertension, as portal outflow can be improved by simultaneous creation of an intrahepatic portosystemic shunt (TIPS). On the other hand, device maneuverability is limited, making access to thrombosed intrahepatic portal branches difficult or impossible, and there is an increased risk of periprocedural pulmonary embolization with the transjugular access after TIPS creation. As there was no evidence of liver cirrhosis or a coagulation disorder, we favored the direct transhepatic route in our patient. After failed clot fragmentation with a rotational pigtail catheter, surprisingly, simple aspiration thrombectomy was efficacious and associated with little intrahepatic portal thromboembolization. A drawback of both the transjugular and direct transhepatic methods is the higher risk of bleeding at either the puncture or the track site, especially in those patients requiring local thrombolysis and eventually systemic anticoagulation. However, the risk of an intraperitoneal hemorrhage is likely higher with the large-bore direct transhepatic access compared with the transjugular portal access. Indeed, in spite of portal vein access via a small peripheral branch and postinterventional embolization of the tract, a delayed subcapsular hepatic hemorrhage occurred while the patient was fully anticoagulated. This complication of direct transhepatic mesenterico-portal aspiration thrombectomy was treated by temporary discontinuation of oral anticoagulation therapy and can therefore be considered as a major complication Class C (according to SIR, Standard of Practice Committee Classification of Complications by Outcome).
In summary, literature review suggests that mesenteric vein aneurysms without involvement of the portal vein are a rare idiopathic condition affecting mainly women. In about half of the patients they are asymptomatic. If acutely thrombosed, percutaneous treatment by a combination of transarterial thrombolysis and transhepatic aspiration thrombectomy is an alternative to surgical thrombectomy and aneurysm resection. This approach, followed by oral anticoagulant therapy, led to immediate relief of abdominal pain and prevented rethrombosis at mid-term in our reported case.
